AIM: Surgical approach to the upper thoracic spine diseases is challenging since anterior interventions to this region are quite complicated with the presence of major vascular elements or important visceral and soft-tissue structures.
INTRODUCTION
The upper thoracic spine is a transitional area from a mobile, lordotic cervical spine to a rigid, kyphotic thoracic spine therefore the region is challenging for spinal surgeons. Trauma, infections, tumors or other pathological processes may change the biomechanical function of the upper thoracic spine and result in instability. Surgery for upper thoracic region may be complicated with the presence of important visceral and soft-tissue structures (10, 16, 17, 20, 28) .
In general, the goal of the surgery is to decompress the thoracic spinal cord and provide immediate stabilization. Because of the individual anatomical and biomechanical characteristics of the upper thoracic spine, a safe approach to this region is still controversial. The anterior approaches have been listed as low cervical, supraclavicular, transthoracic, transaxillary, combined cervicothoracic, sternal splitting or modified sternal approaches (5, 16, 19, 26, 30) . Anterior approach to the upper thoracic spine is difficult since there are bony obstructions such as the manubrium, clavicle, ribs and the deep location of vertebral bodies due to thoracic kyphosis. The area also includes vital structures such as the major blood vessels, recurrent laryngeal nerve, thoracic duct, and sympathetic ganglions as well as the lung and heart (16, 17, 30) .
Conventional midline posterior approach is usually preferred to achieve posterior decompression of spinal cord and spinal stabilization. However, this approach provides limited exposure when the lesion is located at the anterior column (27, 30) . Standard thoracotomy that enters the chest through the bed of the third rib may also provide a sufficient surgical exposure for upper thoracic area however the scapula and remaining ribs restrict an adequate exposure (3, 30) . Combined approaches provide access to anterior and posterior elements (39) but they are associated with severe (35) .
Costotransversectomy provides access to the posterolateral vertebral body and lateral portion of the spinal canal (27) . If the procedure is performed bilaterally it provides anterior decompression, fusion and posterior stabilization. In this clinicoanatomical study, thoracic corpectomy via left costotransversectomy was performed on 8 cadavers and pediculectomy was also added on the contralateral side without damaging laminae, spinous process and posterior ligamentous complex (PLC: ligamentum flavum, interspinous and supraspinous ligaments). Furthermore, surgical and radiological details of three cases operated with the same approach due to vertebral body pathologies were discussed.
MATERIAL and METHODS
The study involves two sections: In the first part of the study, eight cadavers were subjected to left costotransversectomy and contralateral pediculectomy without laminectomy to achieve corpectomy and posterior stabilization at upper thoracic spine. In the second part of the study, three patients were operated with the same approach for vertebral body involvement at upper thoracic region (Table I) .
Cadaveric Study
Eight formalin-fixed cadavers of the cervicothoracic spine were obtained for this study. The cadavers were divided into four groups according to operational segments: three cadavers for T2 level, two cadavers for T3 level, two cadavers for T4 level and one cadaver for T3-T4 (two levels) corpectomy.
Cervicothoracic spine was exposed bilaterally in all cadavers. All the cadaveric procedures were performed with the aid of 2.5X surgical loupe SONUÇ: Bu teknik ile korpektomi sınırları iki taraflı olarak sağlıklı kemik yapıdan ayrımı yapılarak uygulanabilir. Korunmuş olan lamina ve spinöz proçesler korpus bağlantısını kaybetmesine rağmen posteriyor ligamentöz kompleks aracılığı ile komşu segmentler ile bağlantısını sürdürmekte olup böylece interlaminer bölgede kemik füzyon alanı sağlanabilmetedir. Bu füzyon omurga stabilizasyonuna yalnızca enstürümantasyon sisteminden daha fazla katkıda bulunacaktır. Figure 1A ,B) and first two centimeters of the proximal rib (y distance, Figure 1A ,B) were completely removed on the left with great care not to induce any pleural injury ( Figure 1A ,B). Corpectomy and discectomy for superior and inferior adjacent levels were performed avoiding injury to the lamina, spinous process and PLC. The vertebral body was drilled to the boundaries of periosteum, ensuring the safety of the mediastinum and dural sac. After meticulous dissection of periosteum from adjacent mediastinum, vertebral body, disc and endplates in both the cranial and caudal adjacent segments had been curetted. However, about one fourth of corpectomy could not be completed unilaterally due to obstruction of visual angle by the scapula (area z, Figure 2A ,B). Facetectomy and pediculectomy were added on the contralateral side because contralateral periosteal border was not sufficiently exposed to operate on opposite edge of corpectomy (Figure 2A ,B).
ANAHTAR SÖZCÜKLER:
The lower nerve root was sacrificed on the left side and a mesh cage was inserted from the same side to the field of corpectomy. Insertion of transpedicular screws bilaterally into adjacent superior and inferior vertebrae facilitates forced distraction during cage implantation. After the preservation of vertebral alignment on anterior column, posterior stabilization was extended to one upper and lower segment.
In cadavers subjected to T2 corpectomy without laminectomy (three cadavers), instrumentation was extended to the superior direction with bilateral C5, C6 lateral mass and C7, T1 pedicle screws and to inferior direction with bilateral T3, T4, T5 hooks which were then fixed with rods and transverse bars. In cadavers subjected to T3 (two cadavers) or T4 (two cadavers) corpectomy, same procedure was performed and adjacent two segments were stabilized superior and inferiorly with transpedicular screws and rods. Only in one cadaver T4 and T5 corpectomies were performed with the removal of T4, T5 transverse processes, facet joints, pedicles and proximal 2 cm of left T4 rib only. Removal of left T5 rib is thought to be unnecessary since removal of a single rib is quite enough for exposure during corpectomy and cage insertion ( Figure 3A ,B).
Pleura, mediastinum and/or dura were not opened in any of the cadavers. One level as well as two level corpectomies may be performed to decompress spinal cord while achieving circumferential stabilization of upper thoracic spine at a single stage.
Report of Three Cases
Case 1: A 36-year-old man was admitted to the emergency department with the diagnosis of spinal trauma. On neurological examination, the patient was paraplegic and had anesthesia under T5 level. Radiological studies revealed a fracture dislocation and collapsed T4 vertebra ( Figure 4A ,B,C) and stabilization was planned from posterior approach. The patient was placed in prone position with the left side higher than the right side. " T " shaped incision was used and the paravertebral muscles were bluntly dissected. On the left side, vertebral body was observed after the removal of the fourth rib (proximal 2 cm) and transverse process. Since corpectomy could not be completed from the left side despite T5 root sacrifice, pediculectomy and facetectomy without laminectomy were also performed on the contralateral side to complete corpectomy within safe margins of the periosteum. Adjacent T3-4 and T4-5 discectomies were also performed to achieve cage implantation and interbody fusion.
After the implantation of bilateral pedicle screws to T3 and T5 vertebrae, a mesh cage was placed through costotransversectomy area. The adjacent vertebral bodies were distracted to place the mesh cage. Posterior stabilization was further completed with the involvement of bilateral T2 and T6 segments with laminar hooks. All of the exposed vertebral laminas were decorticated and bone chips were used for bony fusion. There was no operative complication and neurological deterioration. The patient was advised to use thoracolumbar brace for three months. Both interbody and interlaminar fusion was noticed at the end of 14 months of followup ( Figure 4A ,B,C).
Case 2:
A 27-year-old man was referred to our hospital with complaints of paraparesis and back pain. Sagittal MRI revealed loss of height on fourth and fifth thoracic vertebrae with T4-T5 discitis and kyphotic deformity of the thoracic spine. Axial T1-weighted MRI showed marked compression of thoracic spinal cord ( Figure 5A ,B,C,D,E). T4 and T5 corpectomies were performed via T4 costotransversectomy and T5 pediculectomy on the left and T4, T5 pediculectomy on the contralateral site. Posterior transpedicular screws were inserted to one level Figure 5A ,B,C,D,E).
Case 3: 57-year-old man was referred to our center with inability to walk and marked paraparesis. Clinical history was unremarkable. Sagittal T1-weighted MRI revealed collapse of T4 vertebral body without involvement of adjacent disc spaces. Axial T1-weighted gadolinium enhanced MR image showed severe mass effect on thoracic spinal cord ( Figure 6A ,B,C,D,E,F). The patient was urgently operated to decompress the spinal cord and provide circumferential stabilization. T4 corpectomy was performed with costotransversectomy on the left and pediculectomy on the right. Transpedicular screws were inserted to upper and lower two vertebrae before the implantation of an expandable cage. Circumferential stabilization was completed with the fixation of rods. Histopathological specimens were compatible with metastatic adenocarcinoma. The patient started to walk the day after the operation and there was no recurrence on MRI scans at the fourth month of follow-up, however there was marked residual kyphotic deformity ( Figure 6A ,B,C,D,E,F).
DISCUSSION
Best surgical intervention to vertebral body lesions of upper thoracic spine is still a matter of debate. There is a growing tendency for posterior approaches to upper thoracic region and various techniques were defined in the literature (1, 4, 8 In general, operative approach to involved vertebra is primarily determined by the form, location, and/or type of the lesion. However, this is not true for upper thoracic spine due to neighboring anatomical structures and biomechanical characteristics. Several surgical approaches were defined for this region that can be categorized mainly into four groups: posterior, posterolateral, anterior, and anterolateral approaches (16, 20) .
Anterior and Combined Approaches to Upper Thoracic Spine
Anterior cervical approach can provide decompression and stabilization up to T1 level. Low cervical approach is an extension of the anterior approach to the manubrium of sternum splitting of which provides exposure of T2 level (14, 16, 17, 28) . In the study of cervicothoracic junction lesions (CTJ) by An et al, anterior low cervical approach was described among 7 cases with lesions of T2 or higher (2). Boockvar et al. also used the same technique for 10 cases with radiculopathy or myelopathy due to cervical spondylosis at T1 level or higher (6) . These two studies include a purely supramanubrial dissection that is extended to the limit of the thoracic inlet. According to Kaya et al, T1 and T2 vertebral body resection can be achieved through a simple supramanubrial dissection of cervicothoracic and upper thoracic lesions (16) . We suggest anterior low cervical approach for T2 corpectomy which is less invasive than the posterior approach and it does not require extensive dissection of the posterior paravertebral muscles as reported by Kaya et al. (16) . Nevertheless, this approach could not provide the exposure of T3 and lower segments, and can be particularly difficult in patients with short neck and high shoulder level. Besides individual variations, there are general anatomical factors like the shape of the thoracic aperture, the location of the manubrium and the degree of cervicothoracic kyphosis which definitely limit the surgical exposure (16, 30, 38) .
Anterior low cervical approach can be extended downwards with the resection of clavicle, sternotomy or combined thoracotomy to provide a wider surgical field (17, 37) . Although sternal resection, either partially (the manubrium alone) or completely split (sternotomy), allows decompression of the spinal cord up to T3 level, anterior instrumentation below T4 will not be possible through sternum resection (10, 16) . Because anterior approaches are limited with the proximity of the great vessels like the aorta inferiorly, common carotid or brachiocephalic artery superiorly and lower brachial plexus, complete split of the sternum does not add a further caudal exposure compared with a partial resection (the manubrium alone) (3, 13, 16, 38) . Other disadvantages are the ligation and section of innominate vein or injury of thoracic duct which are all situated at the level of T4 or T5 (17, 37) .
237

Turkish Neurosurgery 2010, Vol: 20, No: 2, 231-240 Dalgıc A, et al: Corpectomy and Circumferential Stabilization without Laminectomy
Sternotomy can also be associated with significant morbidity (10) as well as rib fractures, lung contusion or hemothorax which all lengthen the postoperative stay particularly in patients with trauma as reported in Case 1.
Combined approaches may provide access to anterior and posterior elements of the whole spinal column and circumferential stabilization (2, 15, 39) however surgical manipulations are limited as described above (16) . However, combined approaches are usually associated with prolonged operative time, increased blood loss and wound infection rate and also the potential to cause, or exacerbate preexisting co-morbidities, principally of the respiratory system (13, 35).
Posterior and Posterolateral Approaches to Upper Thoracic Spine
Anterior approach is traditionally preferred for lesions of the anterior column while posterior approach is reserved for lesions with bilateral pedicle or extensive posterior element involvement (1, 4, 8, 20, 21, 23, 32, 36) . Posterior approach allows excellent decompression, with early visualization of the lesion and neural structures. Posterior approaches with laminectomy may be used for decompression of a lesion causing extensive destruction of the posterior spinal elements but it does not provide adequate exposure of the anterior spinal elements (2, 16, 30) . Lateral extracavitary approach can be considered as a relatively safe and less extensive approach than traditional thoracotomy but exposure is limited by the shoulder, scapula and the reversal of thoracic kyphosis which further complicates the access to vertebral bodies (3, 13, 16, 23, 31, 35) . Although there is a debate about the extent of decompression, a trend towards posterior approaches were increasing in the last decade. Costotransversectomy allows a wider exposure of the involved vertebra with an improved angle of circumferential decompression (27) . Adequate and safe decompression of the spinal cord and immediately obtained circumferential stabilization were reported as the most important advantages of posterior approaches (1, 4, 8, 16, 21, 22, 25, 32, 35, 36) . Also, Fessler et al. emphasized the importance of costotransversectomy with a lateral parascapular extrapleural approach which is again favorable for corpectomy and instrumentation for upper thoracic spine (11) . Furthermore, Snell et al.
described a similar technique in the lower thoracic spine with bilateral costotransversectomy (33). The approach described here showed similarity with the technique described by Fessler and Snell et al. and provided almost identical exposure for corpectomy and stabilization (11, 33) . We propose partial removal of a single rib (proximal 2 cm only) is sufficient for corpectomy and implantation of the cage although Fessler et al. removed two ribs with an indefinite lateral extension. Moreover, borders of corpectomy and healthy bony tissue were better visualized bilaterally with the unilateral corpectomy and contralateral pediculectomy, in particular infectious and tumoral involvements. Contralateral pediculectomy provides a safer surgical removal of the contralateral edge of corpus while providing a more confirmed visualization of periosteal as well as diseased bony margins. A more sufficient and safe angle for corpectomy and cage implantation is provided while avoiding blind resection of the vertebral body edge (Figure 2A,B) . Although preservation of lamina, spinous process and PLC was thought to be unnecessary with the removal bilateral pedicles, overt interlaminar fusion in Case 1 and 2 contributes to the stability spinal column.
Biomechanical Considerations
There are few biomechanical studies to address the importance of stabilization on CTJ or upper thoracic spine despite the predominance of clinical studies at this region (18, 29, 34) . Pyrbis et al. reported posterior instrumentation to be most appropriate for stabilization of a 2-column injury. Anterior and posterior reconstruction should be made after a corpectomy since the corpectomy model demonstrated similar flexible properties in a 3-column injury model (29) . Kreshak et al. pointed out that posterior instrumentation adequately stabilized a posterior 2-column injury but inappropriate for a 3-column injury, particularly in extension (18) . On the other hand, Bueff et al. reported that anterior plates provided a less rigid construct than posterior ones (7) . Based on the data above, destabilized spine must be constructed by circumferential instrumentation.
In the literature, the laminae were removed to achieve decompression and/or provide wide exposure of the operative field particularly in primary bone tumors or metastasis with lamina involvement or epidural mass effect (1, 4, 8, 20, 25, 32, 35, 36, 39) . Nevertheless, initial attempts of laminectomy for spinal decompression or resection of the posterior elements without instrumentation often leads to progressive kyphosis and increased neurological deficits (4). Steinmets et al. emphasized the benefit of posterior instrumentation for upper thoracic region since laminectomy alone was statistically associated with fusion failure (34) .
The tensile strength of ligamentum flavum is meanly 300 newtons at thoracic levels and interspinous ligaments can stand to a tension of 20-150 newtons (24) . Thus preservation of PLC may assist spinal stability and posterior elements can be beneficial in cases with intact posterior column since anterior colon is already involved with the lesion. In addition, decortication of the preserved lamina may increase the chance of posterior interlaminar bony fusion which was marked in the first two cases (Case 1 and 2). Although preserved laminae can be regarded as free-floating with intact PLC and further interlaminar fusion, we suppose that their contribution to spinal stabilization should not be underestimated. Chen et al. emphasized the importance of posterior elements in the instrumented spine and reported that instability developed less likely (9) . Another biomechanical study by Gillespie et al. demonstrated the contribution of supraspinous and interspinous ligaments to the applied flexion moments of the spine and aided in spinal integrity (12) . The limitations of the studies above include inability to measure the isolated strength of the related colon whether it is anterior, posterior or middle. Further studies should be planned to measure the exact contribution of each colon to the stability.
Technical Standpoints
In this clinicoanatomical study, we intend to achieve decompression and stabilization at the same operation within the defined anatomical corridors. Bilateral approach with left costotransversectomy and contralateral pediculectomy counteracts the lateral visual compromise by scapula and provides adequate working space for corpectomy. This approach also provides interbody fusion with cage and enough space for bony fusion on posterior column with the preservation of posterior elements. Although laminectomy provides early visualization of dural sac, preservation of bony elements and PLC is reasonable particularly in cases with a long expectation of overall survival. Another point is the removal of a single rib with a limited proximal resection (2 cm only) even in cases necessitating two level corpectomies. The main limitation of this study is the removal of contralateral pedicle in addition to corpectomy and costotransversectomy. This resection results in the loss of connection to the involved segment and hanged to adjacent levels only with PLC. However, preserved PLC aided in spinal stability and following interlaminar fusion further contributes to the stability (9, 12) .
Upper thoracic spine is a neighboring zone to CTJ which acts as a transitional zone from a mobile and lordotic cervical segment to an immobile and kyphotic thoracic vertebra. Because of this angulation's on upper thoracic area, particularly T1, T2 and T3 levels, transpedicular screws should be inserted with the guidance of fluoroscopy. On the other hand, pedicles of these segments are thin and manipulations during tapping or drilling of pedicle could be challenging. Laminar hooks may be a better alternative in case of pedicle injury. Hook system is safe, stable and allows an effective stabilization in thoracic spine than cervical and lumbar segments.
A mesh cage was inserted into the region of corpectomy during cadaveric procedures and the first patient of our series. However, forced distraction was required for cage insertion. To avoid distractive injury, we used expandable cage in the last two cases to maintain thoracic alignment. Use of an expandable cage is feasible and appropriate for posterior insertion thus eliminating the need for a second stage anterior approach through a single incision (32, 33) . Moreover, posterior pedicle screw or hook fixation at the same operation supports anterior column with the formation of posterior tension band and alignment.
CONCLUSION
We propose low anterior cervical approach and submanubrial dissection for lesions of T1 and T2 which is less invasive than posterior approach. The technique defined in the present report is safer and more appropriate for cases with isolated anterior and/or middle column involvement T3 and below levels. This technique, although it is not completely novel, provides a better surgical corridor for corpectomy and circumferential stabilization at a single stage with the preservation of lamina, spinous 
